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Laid-Open Japanese Patent Application 2003-332295 A 
Laid-Open Date: November 21, Year of Heisei-15 (2003) 
Number of Claims: 24; (Gazette in 14 pages) 
Japanese Patent Application 2002-142086 
Filing Date: May 16, Year of Heisei-14 (2002) 

Applicants: Grand Plastic Technology Corp. & Taiwan Semiconductor 

Manufacturing Co., Ltd. [both of Formosa] 
Inventors: XIE Rou He, WANG Zhi Chen, et al [all of Formosa] 
[Title of Invention] LOW TEMPERATURE WET ETCHING METHOD FOR 

HIGHLY INSULATED THIN LAYER 

■-- (omitted) — 
[Claims] 

[Claim 1] A low temperature wet etching method for a highly insulated thin 
layer, characterized in that the low temperature wet etching method for a 
highly insulated thin layer comprises following steps: 

first, a wafer provided with highly insulated thin layer deposited on at 
least a silicon dioxide layer or polycrystalline silicon is prepared; 

next, the etching of the highly insulated thin layer with a liquid mixture 
comprising hydrofluoric acid and a perhalogeno element acid is run on the 
wafer surface; and 

the wafer is further washed with ionized water and then dried. 
[Claim 2] A low temperature wet etching method for a highly insulated thin 
layer in a production method for a highly insulated gate insulation layer 
complementary metal oxide semiconductor (CMOS), characterized in that 
the method comprises following steps that: 

isolated blocs are formed with the local oxide of silicon (LOCOS) or 
shallow trench isolation (STI) on a wafer comprising un~doped silicon glass 
(USG) and p-type wells and n-type wells are formed; 

a gate conductor layer is formed by depositing a highly insulated thin 
layer; 

a gate is patterned by lithography; 

ion implantation is run to turn n to p-type well blocks and p to n-type 
well blocks and source/drain blocks are doped at a low concentration; 
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silicon oxide is deposited and the silicon dioxide side walls of gates are 
formed by etching; 

highly insulated thin layers are etched with a solution mixture of 
hydrofluoric acid and a per-halogeno element acid to remove highly insulated 
thin layers over the source/drains; 

by covering with gates and silicon dioxide side walls and self-alignment, 
source/drain blocks are doped at a high concentration by running ion 
plantation; and 

a metallization step is finally executed. 
[Claim 3] A low temperature wet etching method for a highly insulated thin 
layer in a production method for a highly insulated thin layer DRAM, 
characterized in that the method comprises following steps that: 

using a substrate having at least both a transistor structure of a highly 
insulated thin layer DEM A and a lower electrode layer already completed, a 
highly insulated thin layer is deposited on all over the surface of the lower 
electrode layer to form an insulation layer for a capacitor; 

a photo resistor (PR) [layer] is formed in the step of lithography to protect 
the lower electrode layer and the highly insulated thin layer thereof and 
etching is run at a lower temperature using a liquid mixture comprising 
hydrofluoric acid and a halogeno element acid as an etching agent to remove 
the highly insulated thin layer in [areas] other than the lower electrode 
layer; 

a top electrode layer is deposited; and 

a procedure for the following step of metallization is accomplished. 
[Claim 4] A low temperature wet etching method for a highly insulated thin 
layer in a production method for a highly insulated thin layer capacitor, 
characterized in that the method comprises following steps that: 

using a substrate having at least a lower electrode layer already 
completed, a highly insulated thin layer is deposited on all over the surface 
of the lower electrode layer to form an insulation layer for a capacitor; 

a photo resistor (PR) [layer] is formed in the step of lithography to protect 
the lower electrode layer and the highly insulated thin layer thereof and 
etching is run at a lower temperature using a liquid mixture comprising 
hydrofluoric acid and a halogeno element acid as an etching agent to remove 
the highly insulated thin layer in [areas] other than the lower electrode 
layer; 
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a top electrode layer is deposited; and 

a procedure for the following step of metallization is accomplished. 
[Claim 5] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 
highly insulated thin layer comprises hafnium oxide (HfC^X 
[Claim 6] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 
highly insulated thin layer comprises zirconium oxide (ZrO^). 
[Claim 7] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 
halogeno element acid is peroxochloric acid (HCIO4). 
[Claim 8] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 
halogeno element acid is peroxobromic acid (HBrQ^. 
[Claim 9] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 
halogeno element acid is peroxoiodic acid (HIO4). 

[Claim 10] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 
mixture ratio by volume of hydrofluoric acid and a halogeno element acid is 
within a range from 1:50 to 1:5000. 

[Claim 11] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 
mixture ratio by volume of hydrofluoric acid and a halogeno element acid is 
within a range from 1:1000 to 1:2500. 

[Claim 12] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1,2,3 and 4, characterized in that the 
wet etching is run at a low temperature within the range of 0 C C~1G0°C. 
[Claim 13] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 
wet etching is run within single wafer etching tools. 

[Claim 14] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 
wet etching is run within batch-type wafer etching tools. 
[Claim 15] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 
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wet etching is run within wafer clusters etching tools. 

[Claim 16] The low temperature wet etching method for a highly insulated 

thin layer according to any of Claims 1, 2, 3 and 4, characterized in that the 

wet etching is run within stand-alone wafer etching tools. 

[Claim 17] The low temperature wet etching method for a highly insulated 

thin layer according to any of Claims 1, 2, 3 and 4, characterized in that an 

etching ratio of silicon wafer with a liquid mixture comprising hydrofluoric 

acid and a halogeno element acid is no more than lOA/min. 

[Claim 18] The low temperature wet etching method for a highly insulated 

thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 

liquid mixture comprising hydrofluoric acid and a halogeno element acid has 

an etching ratio of no more than lOA/min. to a highly insulated thin layer 

comprising zirconium oxide. 

[Claim 19] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 
liquid mixture comprising hydrofluoric acid and a halogeno element acid has 
an etching ratio of no more than lOA/min. to silicon dioxide. 
[Claim 20] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 
liquid mixture comprising hydrofluoric acid and a halogeno element acid has 
an etching ratio of no more than 10/Amin. to un-doped silicon glass (USG). 
[Claim 21] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 
liquid mixture comprising hydrofluoric acid and a halogeno element acid has 
an etching ratio of no more than 10/Amin. to boron phosphorous silica glass 
(BPSG). 

[Claim 22] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 
liquid mixture comprising hydrofluoric acid and a halogeno element acid has 
an etching ratio of no more than 10/Amin. to phosphorous silicon glass 
(PSG). 

[Claim 23] The low temperature wet etching method for a highly insulated 
thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 
liquid mixture comprising hydrofluoric acid and a halogeno element acid has 
an etching ratio of no more than 10/Amin. to polycrystalline silicon. 
[Claim 24] The low temperature wet etching method for a highly insulated 
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thin layer according to any of Claims 1, 2, 3 and 4, characterized in that a 
liquid mixture comprising hydrofluoric acid and halogeno element acid has 
an etching ratio of no more than 10/Amin. to silicon wafer. 



(omitted) --- 

[0003] 
[Table 1] 



chemicals 


Hf02 etching ratios (unit: A/min.) 


pure HCIO4 


0.3 


pure H^SO^at 160°C) 


1.25-5.25 


pure H3PO4 (at 80°C) 


0 


BOE 


20 


pure CH 3 (CGOH) 2 


0-20 


pure HC1 


0-0.9 


pure HBr 


2.5-10 


pure HI 


0 


pure HF 


101 


pure H2O2 


0 


TMAH 


0.4 



As shown in the above Table 1, etching with sulfuric acid needs heating 
up to as high a temperature as 160°C and its etching ratio is as low as 5 
A/min. Other examples such as phosphoric acid (H3PO4X acetic acid 
(CH 3 (COOH) 2 ), hydrochloric acid (HC1), bromic acid (HBr), iodic acid (HI), 
pure perchloric acid (HCIO4) etc. have etching ratios close to 0 but these 
cannot be used for the etching of silicon dioxide. Dry etching is not applicable 
to silicon and can damage the source/drain surfaces and increase the loss of 
electric current. Thus, in consideration of defects of etching with hot sulfuric 
acid and dry etching, the development of a further advanced other etching 
method has been required. Earlier used oxide-nitride -oxide (ONO) is no more 
appropriate to be used as the insulation layer for RAM capacitors at the 
latest stage, and any of later developed BST etc. embrace troubles of their 
dissipation. Yet, when hafnium dioxide (Hf02) is used, dissipation can bee a 
minor problem, but etching problems arise in respect to a heat resistance 
facilities for hot sulfuric acid etching as well as insufficient etching 
selectivity ratios in the dry etching of rardoped silica glass (USG), 
borophosphorous silica glass (BPSG), etc, 

**■ (omitted) — 
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[0006] 

[Solution for Problems] First, a highly insulated thin layer on silicon dioxide 
or polycrystalline silicon is etched with a liquid mixture comprising 
hydrofluoric acid and a perchloric acid (HCIO4) or other perhalogeno 
element acid (such as HBrC>4 or HIO4). A mixing ratio is set within a range 
from 1:50 to 1:5000, most preferably to a range from 1:1000 to 1:2500, and 
wet etching is run at a low temperature so that an etching ratio to the highly 
insulated thin layer can become no less than IQA/min. but all the etching 
ratios for silicon dioxide (Si02), un-doped silica glass (USG), polycrystaliine 
silicon, etc, remain no more than lOA/min. Thus, very excellent selectivity 
can be provided by this method. 

— (omitted) — 
[0010] 

[Embodiment of Invention] The etching of a hafnium dioxide (Hf02) layer 
having a high dielectric constant is executed using a different etching liquid. 
First, according to physical vapor deposition (PVD) method, both USG and 
polycrystalline silicon are deposited by chemical vapor deposition (CVD), and 
thicknesses before and after etching are measured with an N&K analyzer in 
the CVD method. All these depositions and measurements are accomplished 
in first-class dust-free rooms and a single staff is in charge thereof, A highly 
insulated thin layer is etched with concentrated sulfuric acid (H2S04) at 
160°C, at an etching ratio of 1.25~5.25A/min„ its etching selectivity ratio to 
USG being 1:1 within a range of "acceptable". However, it is not easy to find 
a vessel capable to withstand the high temperature acid, and the vessel 
maintenance can also cause a difficult problem. However, all the etching 
with pure phosphoric acid (H3P04), pure peroxochioric acid (HC104), pure 
hydrochloric acid (HC1), pure hydrobromic acid (HBr), pure hydriodic acid 
(HI), pure oxalic acid (COGH)2, etc. can result in unacceptably too low 
etching ratios. Etching with dilute hydrofluoric acid (HF:H20 = 1:2000) has 
as very slow an etching ratio to a highly insulated [thin layer] as lA/min. and 
although the etching ratio to USG become somewhat as higher as 7A/min. 
the selectivity ratio becomes inappropriate 1'7. This is due to excessive USG 
in shallow trench isolation (STI). However, when etching is executed with a 
liquid mixture comprising hydrofluoric acid and peroxochioric acid at a low 
temperature, etching ratio can be no less than lOA/min.in al the volume 
ratios ranging from 1:50 to 1:5000, but the etching ratio with USG becomes 
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reduced as the concentration of peroxochloric acid is increased and the 
selectivity ratio of etching for Hf02 and USG becomes 1:0.65 at l:2000hrs 
(refer to Figures 3 and 4). 

•■■ (omitted) — 
[0011] 

--- (omitted) — 

The etching process is conducted in Single wafer tools, batch-type etching 
tools, Cluster tools or Stand alone tools, highly insulating thin layer being 
etched at low temperature by all of them, whereas, selection is not limited to 
them but any tool is used with proviso the tool allows contact of a wafer with 
hydrogen fluoride and peroxochloric acid 
— (omitted) — 



7 



(i9)0*B#fFJf (JP) 02) & §fj %f ffr & H (A) (ii)tfffitW4HI#9 

#^2003-332295 
(P2003 -332295A) 

(43)&H 0 W&&?nmi 0 (2003. 11.21) 



F I ?"V3-F*(##) 
H0 1L 21/308 D 5F0 4 3 



HO 1L 21/306 



* tt#B0!)K24 OL (4 14 1! 





WB2002- 142086(P2002- 142083 


(71) WIS A 


502176328 










C22)fBH0 


5 H 16 B (2002. 5, 16) 




ffWlftfrn:i:^EAlw]MSl3^ 






(7DHMA 


500262038 








#»BM«»i!ii!JRAA/uT^riSiifI 














(72)5S9Hf 


m ma 














(72) »W* 


'£ 








mYrfim&^mrr* 8*2.2 






(74HW8A 


100107962 








#if± A3£ 








mtm\zm< 



(54) B&I8®£»J i«li«#Ji©fiS^xy hxy^j^fe 



(57) mm mm) 

©y >j 3 y^iiiKcusGt Ho^ffMt-s rn»»^ 

u^x7 Y^j^ym^w wmvz-vi-ymif 

10 A/ninfiU:fc:&S «fc 5 £ U HHfKiMtS' U 3 y^U 
sg, ^cv ^ \t # 'A> u n y^cx 7 f - y ^Wio A /i i 




^JfcX<HF:HC104=l:3 



(2) 

1 

mmn 1 ] nsmmmmmvxv h^y^ym 
fcfev^r, '>& < t&fcfrfflki' v 3 ys^# u y u 

1U 

ig^tyc: ^#fW§^ifititt?1il©{gS7x7 10 

[11*112] ^IfeHtty- MfeHlCMOS (complementar 
y metal oxide semiconductor) ui/y >7uy#—%y 

USG (un - doped silicon glass) ~£&%> , J x?^— ±fCL0 
COS (Local Oxide ofSilicon) ■fSTI (Shallow Trench 
Isolation) tiotllilK^JfMU #tHCp^7x;b 

U h^77fCcfcoTy-h^^--y^U 20 

n^m^xmK, %tcp*nm<yxmic^*y^y 

-7U 

fifty u x^>^y- h©riwt 

f~ V tr.mit*y U n y{|Jlf?« U -fe;y777y y 
wy^y77yf->HyLTy-x/KWyg 30 

M1SK-7U 

H^c^ff {t© XJ§£H 5 lig^tf c t 3 

[M *S 3 ] ^IMIttff 1©DRAM©§TO?£ tc fc^T 
(i, '>&< ^feMRAMC^Lfch^yy'X^m 
StfTSltSS (nr-xl^hn-K) offlgt«fc 
TIBS! (n7-xy? r-n-K) ±^®fcigJ6 

»si^±f is^t n yryy-one^i t u 

U VfyytC iSlCST??* h yy'X h (Photo Resis 

t, p.r.) ^ffMLTTiasi (nr-xy^hn- 40 
x^^y^iiiTTiasi (nr-xy^hn- 

H±lliSl ( h 7 7°x y * h a - K) U 

tr§^lfe»S/i©fgS7x 7 M-yfym 
[!I?M 4 ] alfeHttffl n yf y ISigtfSlKfe^T 
(i, / >S:<^feTiaSl (nr-xy?hn-K) 

^Lfegfitcfct), ^fTiasi (nr-xy^h 50 



# gg 2 0 0 3 - 3 3 2 2 9 5 

2 

n~ K) alfe»Sl^±f «2#T 3 y7>7 

Uy^77lC«fc0 7* hyy'Xh (Photo Resist, P. 

r.) mmhrrmmmm (nr-xy?hn-K) t 
mjimmcDU^m^y^ymt u fgsT-ex^^ 

y^JtfeTTSaSl (nr-xy^hn-K) w 

±mmmm ( h 7 7x y 7 h n - k) £±t » u 
tmmmmmmm^ xv n^y^i. 

[MjM5] «ffi»»ia^{[:/N7x7A (HfOz) 
fc£5fc©T'fe5c^#i^TSM*iJtl, 2, 3, 

4 iB«g© mm<mmv>mv x 7 h x 7 y m 

[11*116] i^,ffi»Slt»{ty>3x7A (ZrO 

2 ) tc«fcst>ot?*s«:fc%!|^sfc , rsi»*®i. 2, 
3, 4iai©^ienttfii©fgS7x7 r-x7^yy 

[|»*®7] i^nyy^«i^;i/^y^ig 
(HCIO4) WBCfcfclSftel-SIft&gl. 2, 3, 
4 BBKOiSffiSttSBOffiS* x 7 h x 7 9 1 y m 0 

[I»*ii8] K^Dyy^Tc^fi^t+y*^ (Hb 
rO;) 'm%ct&mtt%m$M\, 2, 3, 4iH 
«®iSife»^i©ffiS7x7 hxy^ym, 

[I»*iM9] !^nyy^«i^;y^y H- Kit 

3104) ?*&%ct*^mtt%m)mi, 2, 3, 4 

BH«OiS»ft«SOfgS7x7 hX7^y^£ 0 
[trai 0] *fbJ<^lt^Anyy^^o{*m B b 
£Jttil : 50frbl : 5000©l6fflT'fe5 C fc*#tfctS 
SfcftJgl, 2, 3, 4HE«©^lfe»Sl©f£S7x7 

hx>y^yy?£o 

[ft*JMl 1] ^{bJc^fc/Nnyy^TC*^©^ 
ig^Jttil : 1000*^1 : 25(X)©fBBT*&3 
TSII*Jil, 2, 3, 4lHig©^lfeHtt«l©fgS7 
x7hx>y^yy^o 

[ff*nii 2] M7x7hx7^yywc~ioo°c©fg 

STT?ff^tiSCh?:#i!^trSM*ill, 2, 3, 4 

Mm^mmmmmu^ x 7 M-yfym 

[fl*Sl 3] 8-)iyM«yfyW^x^ 
(Single wafer tools) mitmctmm 
ttmMMU 2, 3, 4lH«g©alfelitt»l©fgS 
7x7 r-X7^ym, 

mMMl 4] IS7x7hX79 1 yy^/^79 1 7^7 
(Batch Type) OX7^yy"»^fT^tlS C t%W®L 

t?mm.\, 2, 3, mmmmmmmmu 

7x7 hi-yfy^o 

5] iS7x7hx79 1 yy^^s©x79 1 

yy'l (Clusters tools) ftX*ftt>tl%t£*$mtt 

mmmi, 2, 3, 4iB«©aife»si©fgS7x 
7hx7^yy^ 0 



3 

[USUI 6] i>)x7bX7fy^W©l7f 
ym (Stand alone tools) ftX*fit>tl% C tmW 

ttmmm, 2, 3, 4iaig©aifeiitt?^i©fgs 

7x7 hi'yfy^l. 

[ff*Hl 7] ${t7j«^nyy®OT«£^?§ 
ffi{C«fcS^U3y»>xA-©x*yf-yWil0A/ain 

uTx&zctmmttmmnu 2, 3, 4tHig 

©^IMlMI©fgS7x7 H7fym 

Ssiim^i/ 3 - 7 a cd ^mmrnm izm^^y 

mii 10 A /linJ^TT'fe S C £ * « If 

1. 2, 3, 4fEic©^ffiiitt«l©fgS7x7 hX7 

SMfby U 3 yfc^t SX7f> 10 A /ainK 
T^feSC^ffWSIMlJU, 2, 3, 4tm<D 

ffijWJSGlCjtft SX7f> 10 A /ainWTtf S « C 

tzmttmimi. 2, 3, 4 8B«©^ie»^ 

mt)\ mVy-yViJ^y^ (BPSG) fCfttSly^y 
1, 2, 3, 4lH«0^»ft«SOfgS^x7hX7 

^ym, 

[ft^S2 2] M:7j«fc;Nnyy^«2^7§ 
iWJy^JA^X (PSG) CjftSiyf^mi 

ok/mn&Tx&zctmmttmmiu 2, 

3, 4gH«©^|fe,«ttfi/icDfgS^x7 hxyfy^ 

[11*312 3] *{frJcfg®fcMnYy$^&0iI£i§ 
iStf # V y V 3 y Ktt* Sxy WiloA/ainK 
T?feSC^#^T£!fjMl, 2, 3, 4!3«g© 

^IMitt«/I©fgS7 x 7 h x 7 9 y m * 



#^2003-332295 
4 

y v 3 y 7 x / k ttt % x y 9 y m it 10 A /in i 

nKT^fcSCfcfc^fctSlft&gl. 2, 3, 4IH 

mmmmmmmm xy n-yfym 

[%W<7)f«OT 
[0 0 0 1] 

7 x 7 hx^ ^y d , mc&fflmmny x 

7 hX7^y^HMLfcfe©tl^§ 0 
[0 0 0 2] 

[^JtS^DfirJf] CMOS (complementary metal oxide semi 
conductor) Ui/yfyu y#—% y f- ^DRAM (dynamic R 

am) (D&o?^m\mm^^T\i, wm^mm^m 
if\ ?- v amity u 3 yicu 2 wi \z $ r*5i < 

U IgftT'Mt6nm (60 A) «T©/?£ fctS C fcfc 
j£» L T ^ 3 o cfcoTd ©SiilfM t It § Ptiil L 
< s DRAM© n yry^&^H^y U ny^^btf - ^7 

\m - mm, sp^oNo^ai^^^u^a^ios* 

fcSSfc* C 1 T? £ ft < ft o T ^ 3 c t J: D , ftWi 
Sr«SStt»l%y- r-ffifil U -fifty U 3 y^ON 
0fC®oT{^SDRAMO3yry^Olfe^akt§<fe9 

(CftoTV^o s&ciaff-^JPfio.is/xiowcs-esL 

j&rasntfetK ^s^tischa^^tiT^ft 

WtKs •B^©DX^ v >ftl^©kftoT^So ^ 

feafeffii^nrv^sfeofcL'r, iwtA?-^ aif 

02) ^i£{E:>7l/3x7A (Zr02) ^feDs RB* 
(dielectric constant) ktfl5~25®S$ft&fifZ?g£ 
LTfeO, yU3y7^T^7xU7ft«jlMf\ II 
M(D D X '>£ I ^fipjT^ M# t S ^\ x 7 ^ y ^A^M 

[0 0 0 3] 



«H 1 » 
pureHC104 

pureH 2 S04 (at 160°C) 
pureH 3 P04 (at 80°C) 
BOE 



pureC H 3 
pureHCl 
pureHBr 
pureHI 
pureHF 

pill el! 0: 

TMAH 



(COOH) ; 



WOzCD^y^ym Mtt^TA/ain) 
0.3 

1.25-5.25 

0 

20 

0~2 
0-0.9 
2.5-10 
0 

101 

0 

0.4 



±(D<mi>K7Ffr&5K, mm (h 2 so 4 ) jc£sx7 50 ^y^mmx^m^^xtmLr^tiim^t, 



(4) 

5 

(omtL xwmi v ym % po 4 ) ^mm cm (coo 

H) m (HCl) spm (HBr) , H-Fi? (HI) , 

mm^mm (hcioo ^©x^y^jiowsi^ $ 
l 2 ma/ u n y tx 7 ^ y y t § © t -e * ft 
v\ $ fc k 7 -<x 7 ?■ y m y u n y ic «^ f 

tDX7^y^£^^TS^^feSo LfrLft^e, 10 
Sfe© l^WCfigE};: 1? 1\ tHWBST^fc «fc o T t ^ 

racp^^^rv^o iWb/N^-^A (Hfo 
2 ) m^k^iLu^xit, mmmmmr^t\ 

Mi©Pp!S^feD, F7^X7fy^(i F-7°*L 
©yU#yyX (IP^USG, un - doped silica glass) 

^fflyyyy#yyx (bps© m^y^ymm^ 
[0004] zcrmi oxyf-y^y-Magiiuo 20 

MfiBUfTfCMOS (complementary metal oxide 
semiconductor) §!iii<Z)|&fcf^ $tf^j3y)xA- 
1±{CL0C0S (Local Oxide ofSilicon) ^STI (Shallow 
Trench Isolation) T«g4§MU H^UVy 

77fcj:D^ty^y7 0 7yT-y3y^pS7x^2 

M7x;l/3£?MU H{t^7x7A (Hf0 2 ) 1 

5 , F-7°y u n y 7 yyxr y^cffictt 

Wt« 8 £ J# ft 2 -e, 7 x 7 a £x 7 f- y m 
±mtL?VVyy7ia:<0z.v?yyL?Y-h9Z 30 

ffMt So * & £ u v y ? 7 £ J: § ^ * y << y t°7 y r 
-y 3 y^>fi f-7°lt y-x/ f w y% 8 
u m^M^yitiyv^ymmm^^, 

m K7^xyfy^fyfr> U 3yiJH6£ffM 

02 ic^t J: 5 £ u v y ? 7fc J: § y^ y 7? 
y-f-y 3 y^\ F-7°g©iSv V y-x/ F y/ yg 

1 0SOYv-X/FWygl 1 ©LDDffiiH^ffM 

Jtyj yy°? yr~y a y b# © y 7 y 3 yi h l t{£ 
«m y; 3 y^ffi^fiow-fti^ a klt^So 40 

[0 0 0 5] 

[5MWi* L^ottmM] LA 1 L±M© £ 9 ft & 

fti©£j£{c*>^T\ g&ic&fc]® Fy^x7^yy^y 

-X/FWyK©iftA7x^A^Kt§^ Igft 
M7x7A^USG (un-doped silica glass) fcyj3 

ycxy^yyWib^f < ftv^fcfe, ^tn^ 

7x<7A»£t5fci6t«*-^-X79 1 yy'LTL 

sac^^feD, cfcory-x/FWyKc^fficy 
u ^ytmmmmimu 1 4 L^m^^nr 
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(omMuzmuffmi z nt\ itoc dram^ix 7 9 

y9QM, Tmnm (nr-xyy Fn-F\ lower El 
ectrode) tmm<Dfflm (IMD) fc^OttSpTtgftfc* 
SfciiMcj:§7x7 Fx77^yyt .fcSJ^a- 

Kte^y?yymmKimn%&<D<D, ^y^ym 

1© f nswmx. v?ywcmt>%M4% rmm 
m%«. Mmmmmim^y^yytm, =. 

mity V 3 y, USG, ^'jyjny Stfyynyyx 
/ n- t W L, JrkKWl^l ^SJRtt^ MtT § x 7 y y?£ 

^ftt, usG^uy;3yy-F, Mtftcy-x/ 
F w y ^x 7 ^ y y J: o r PdiS l fcMi^ffM? ti 
ftW^CU a^©nXhgffi©^fgM^ / >ft< L, 
^Ht^S^ig t felt § Hf P^^JSIS L TS^i)$^±tf 
§^<s fiSto7x7 Fx77 c yy*fc t fe§*^cD^ 
Ifi»»l©fira7x7 Fi7fvm MmciSf&iH 
tty- F ffiHl^ § § o 

[0 0 0 6] 

^ (HC104) ^©ft&Ol^nyy^TC^^ (HBr04, 

hio4 ) (DU-smumity u 3 y±f£w£# u y u 3 y 
±©^ie^ttfii^x7 9 i yyt5o r^tm : 50^ 

61 : SOOOOiSHfcftScfc^cU ^O^^lfea?^ 
ftjrb^iil : 1000-1 : 2500©ISHhL, fgSTt , 7x7 

Fx7f-y y^ff v \ s*e^tt5Si tc^t 5 x 7 * y y 

$«10A/min«±hft§^\ LfrLMityV^y (SiO 
2 ) , USG (un-doped silica glass) , ^UyU3y^ 
{c^t§X7^yy$iimOA/min«T-efeD, 

[0 0 0 7] SfcCMOS (complementary metal oxide se 
miconductor) n y 7 y 3 y#-^ y F ^ffijaf 5 ^ 

< , y- f (c F-^c^ft^y-x/ f y^ y ^y- f 
si« t mmk, wm/&.?- f sifeni kmlx v 
-x/ f y^ ymm^mtjmmtmmm^u 
^(Dim m>\ u f yjOTfl&©}g£$T*x 7 y y t i 
D ^£ l, y-x/ f y/ y±oy u 3 y ^sti ^©usg 
u y u 3 yy- f , Mmc^sy- f ^B^jgy 

U3y{t^y-F^fI"3^ft^J:att-So 
[0008] Mt, ^Htt3 y^yy ^SjgTSDRM 

tCfe^Ttt, DRAM^TLfcF^y/xy^jg^Tia 
®S (nr-xyyFn-F) tfe^r, MtftTlS 
SI (nr-xyyFn-F) ±talfe»Sl^±ffl 
3yxyy©|felil^L, 7*Fyy*XF (Ph 
oto Resist, P.R.) tfTSSS! (nT-xyyFn- 

f) t, ^(D±mmmmmmu ^mtmm 
t wmm^mmw \ n y y^Tt^ncMt^s^ 7 
x7 Fx7^yy^sSLTTiasi (nr-xyyF 

n-F) ^©alfeHttffl^P^L, ffitifcX77^y 

y«Mftb, T^©noyyo*yyx (bpsg) ^ 
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yyyy^yx (psg) zto-D\r?, K-o^mmm 
MKm%x.v?y mmoA /nm±x $> § © tc w 

U BPSG^PSGtcMTSX7^y^«10A/minJ^T^ 

[0009] &mm'^y?yy%mm%^<. rm 
mmm (nr-xy? hn-K) (o^mmicMim 

oto Resist, P.R.) ^TlSSl (D7-lb^hn- 

K) &tf^©±©aife»»i^friL, ^bjc^igfc io 
yS*Miii?{fcy u n y^fiotf&i ^ a 

[0 0 10] 

[mi»mi] iSiwe&s&fb^^A (Hf 
Oz) loiyfy^it s§sx7fy»aotff 

fc>ft3 0 fcfPVD (physical Vapor Deposition) i£X 
It, USGhtfUyU ny^-gCVD (Chemical Vapor Depos 
ition) TfiSftSftTfctK CVDffitfttnftk analyzertfx 20 
yf-y^tu^o^^lStSo (ft en $J£ 
tc ft I ^ "Hi #HR ft t?5bJS $ tis -A© 

t«££ffi^t§o 160°CcDiIfiM$ (H 2 SO* ) X&ffiM 
ttJfltctt LTi'yf > ?£ff V\ *<£>x y ^ y ?*IJ 
1 . 25-5 . 25 A /miif? D , I^USG t ©x 7 f - y ^ISHt 
Jil : l^&tK rsfj offifflTflifcS^ LfrLiBS® 

U^OfcftoTV^So LfrL&#£>, ffiUVK OfcPO 

4 ) , m^^+v^^ (E104) , mm (HCD , 
mulish (NBr) , msibkmm (ho , mi® 30 
ail (cooh) 2^©x7^yyTOx7^y?Wfgs 
f\ ISt(i4t\ *nT*{i^M2kigi& (HF : H20 
= 1:2000) T*x<y^y?Lfc#3\ ^IfeHtttM^S 
X7^y Wil A/minh»cg< , USGtc^-TSx 
7^y^«7A/ininhWm^©©llMk(il : 7tf 
feD, ^5i^T*fe5 0 ^ntiShallow Trench Isolation 

(sti) $<ommtg%rctb?it>z 0 Lfrbm&m 
m t <^A,** vmMVM&ffiz. £ d fgs©T-ex 7 ^ 

y^YS±^«{*HM^b (volume ratio) M : 50fr 

5>1 : 5000©X7^y^7\ ifnt>10A/ainfiU:fc& 40 

TUSG^©X7^y^^fgTLTLSV\ 1 : 2000B?T? 

«Hf0z twsQ(D^y^y^mmtm •. o.65t%s m 

3, H4#M) o 

[ooi i] mK*tfflbmw)M'&®mt> m 
s iB^Jfrett 5 ns Hf 0z i: use© x 7 y vmut® ft 

2 : USG=1 : 66=0.015fe&oT&^ : 0.65= 

i.54tS"e±#LTfeD, il^ttawrs fcSMkfe 
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J£t*l : 5cfc D 1 : 2000£$Ti&4£±tffdi£\ StfiH 
tt (HfOz) ©X7^y^amoA/minK±fc«^ 
ntV^So USGJcMT§X7^y^ftnoA/min«Tt 

® 4 KTtf D , * u y u n y § x 7 ^y 

10A/min«T^%§o ioTalfeHttfil (HfOz) {C 
i-yfyns WM?'B.'Ofift?M&.X' D , 
Sto7fy^tfe« a*. STWIill±©USG^ 

SyUnMk^nyry^TiaSl (nr-xy? 

ha-K) ±©^uy;3y, bpsg, vsGMmmmm 

(IMD) ^Olt5CfcA^<, filTfiyfy^ 

(o~ioo°o T-efflbmm t vwrnvvm 

UaVGlil ■ 50^5)1 : 500©IBH^feD, H{fc^7xy* 

a (HfOz) it^t§x7^y^, smmtl^us 
g, BPSG&tf* u y u 3 yitstsiMW^ffe 

Ds 1 : 1000^51 : 2500OffiiBtf*S«:fcA^taL«W 
T-$>§o i7?y^JSWU©i7^^I (Si 

ngle wafer tools) , rty < f-$4'?(D3Ly<f-y#1gk, & 
ESxyfy^i (Clusters tools) WESxyf^ 
^ (Stand alone tools) rttffft)^ *ffiS"Z?iS*fi 

ittiitx^y y ?t % g w^iBg* & z. mm 
*> mtimm vmm fiA- tcgii 

H«tf * Ds T*^B^©& B b^?S«HF : HC104 tcl 
Sn-f, HF:/NDyy^^lt (Hbr04, HIO4) t LT 

[0012] iirfcfe^T, ^•f^©Sii©Jii?« 

05^601 5(C^tfe©^feDs *%0j5©CMOS (comp 
lementary metal oxide semiconductor) ni/y^y 

^yF 2 0 os^£-ea#t^ntty- hojg 

Jt#II 7^?£^?^M L T ^ S (CMOS n y" ^ny^ 

yh2oo©ffigti05#j$) o «T©f^^-eayu 

3y^{*Sft©^l|§y^p§UhLT^§^\ nMS«^ 
{^fflLTfe t fe<, SfcSOI (Silicon on insulator) S 
fi*$yBLTfe«fcl\, SfcSTI (Shallow Trenchlsolati 

on) mmw\£Lx^z&, zcx^ztccnimib 

tit, ^©ffiO^J^^Local oxidation of SiliconiP^ 

MSPiwi: aocos) %2<DxmmLxt>&\<\ 
y;nyy-h±^a{r:^y^XTy^f4!LTfei 

<, CC^feSfcCtltl5»tlS:^o SfcTiSi2, CoSi2 

uyunyy-hti5>t\ ^©ic^jsy-h, BA 
^S^vMbtiy- h t LX fe «fc < , alfeHtty- hffeU 

MCCMOS (complementary metal oxide semiconducto 
r) S^IfM^&fe©^$^fetltf±Mtl5»tlS: 

[0013] 06fc^"r«fc5t, pMyjnyyx/N- 
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1 ±£3SRWfCSTI (Shallow Trench Isolation) 

^y7K^yfty^yfyyT-^ayX\ pS7x 

m 7 iCTjkt^o tc, ±M©Sfi±fcPVD}£{i:«fcoTiSltfe 
»S1 (Hf Oz^ZrOz) 5WU y-Magfli% 
ML, ,f^T^ffi^Uy<J3yjl6, IP^CtfU 

[0 0 14] 0 8£^r«fc5f^ nS^x;l/K1^3tt'J 10 
VfvJK&nXV* M/^Xh (Photo Resist, P. 
R.) PR1W1U nMT» (As>P*) £ P ^7x;bK 

2 ±© # u y u n yi 6 {c 4 * y 4 y 7 7 y y a y 
u n + F-7°©BMgK^J^ u y u ^ ym 6 a£ 
ffMt§o 7* r-yyxh-pRi^m H9t^-rse 

icfcv^T, pS7 x/l/K# 2 ±£ U 7 ^7fc J: D 7* 

h^> ; XhPR2^ML, TM^I (B>BF2" £pM7x 

2 ±0 # u y u 3 yi \z -Y * y -Y y 7° 7 y r- y a 
y u p F-7 0 ©aMg»h£ 1 ^ u y u 3 ya 6 b 
mm%o 20 

[0 0 15] IIe^T, MPR2£PMLfd£, 0 1 0^ 

f <fc5t^ ^ffit^b^y^xry cwsix) 17^±|« 
s-e, y-h®ffiffi£Ttf3tf, aft^y^xry^* 
ft$#&< fcfe£<, ^o#jiwev-x/KWy 
^i:ifWy^fyWtTfeJ:i\ 11 it 
*t«fc a y^xry±f;: U 7 ^77ty- h 

7* h^xf^Mu wm\zmt*y>f7,Tym 
7 1 # u y u 3 ya 6 km l rx 7 ^ y ?£jfi u 
hmmtzmtz yyzrym 1 a, 7 b&tf# u y u 

3yl6c, 6d^ W?tiy-h9a, 9bhf§ 0 # 30 
fcHl 2^tJ;?^ nM7x;l/K3±fcUy^77 
iCfcoT?* hyy'XhPR3^JfML, ^-h 9ah7* 

hyy'xhtcfesiMcT, (ixio 13 ~ixio 14 

a 2 ) ©nMK— 7° (As>P) ^pS7x;bE^tC^^ 

y^y7 0 7y-f-yayL, n y-x/FWygi o 

[0 0 16] HI 3{C^f«J:5{C, i>PR3^£Lfc 
& pM7x^2±t'J7^^7tcj:oT7* hyyX 
h PR^ffMU f~ F 9 b 1 7 * f y yx h ft 
Tl^miCT, S 7 >m (1X10 13 -1X10 14 cm" 2 ) (Dp 40 

MF-7° (b + ) ^ P M7x^K3rttc^^y^y77y 
r-yay£tu p y-x/FWygi l^Mt 

§o HI 4 3 fc^ «PR4£|&£Lfc&M\ ^7 

7^ 7 ^y u 3 yfiijn 8 c © f y- f 9 

a, 9 b&tf ^« 8 ©S^tl§f@PjT^©alfe»Sl 
5liWRfflLTV3o HI 5£*t\fc5fc:, ^{fafc^H 
fcji^H^^CffiCB^n^y^Tt^il^x^^y^ 
fcfcU i^r-F9a, 9bMtffcHUIS8£§V\ H*fft 
tT7x7 hX7^y^ffl\ 7-X/KWyfcPS 50 
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Qwm&itm : 5o^5»i : 5000^ u m^mfBW 

m : 1000^5.1 : 2500^55:^ TfcDs ffiS (0°C~100 

°o Tvx.y3-yy%wnim%o cvmimmji 
mKts^z, mmmmvcou&Tx^y^y^nv 

sojLvi-y wvmw f ? 7 ^ y ?<fc 0 1 y u 

[0 0 1 7] CMOS (complementary metal oxide semico 
nductor) 3 y#-* y h ©y- h HglJ 21 21 T*- 

§o m«n>p ^^-y^y^yr-yaymDD 
y-x/ f y^ y^MU usiz ^cosiz ^©ijvMbtf 

(Salicide) 5V-X/FWyiCML, V-Ylf 

s fcifw y^xf y^MLtv^ii^ <: 

tM?ti5 iJvMb^* U y U 3 y 6 a&tf 6 b±tcjg 
fiScL, M>t©S^IfM-Cfe§^S{tI@^7-r§ (5? 
fiic^©CM0SD y 7 ^ 3 y h «H 5 #M) 0 

[0 0 18] HMe^li, Hi 6t/7tfeOii, iSffi 
^ttlfi^l (Hf0 2 ^>Zr0z) 3yry^cDDRAM^\ X^?7 
^T1S«1 (D7-xy7hn-K) ^ML, iS«fi 

(HfOz^ZrOz) ^±l«L/c^OlTffiH^feD, 
pM7x;b2±©Mf 4, LDDV-X/FWy 1 2 

(^v^iLDD-r^<n t y-x/Fy^y) y-h9, 1 
ra«ssfli(iLD) is, ^y^xfy»ifj^'j3 

yny^7h*-;H 7, BPSG-effM^tifc^SP^l 
1 (imd) i 6h^7{byU3yx77 c y^#ifcli 

9, (D 7-xy 7 hD-K) 2 l%if©S 

T3y-r , y^©lfeHl (Hi 6#M) W§*\ ctit 
Pi?>fTlSSS (nr-xy^hn-K) OJ^KliX 

[0 0 1 9] HI 7t/^Ti9t, ${t7j<tti^®j§Jt 

ii, ^ v ^(i ^ © ffi© ®/ n n f ymjmwtx. -j^y m 
tu 7*hyyxhPR5-efri?tisTiiisi (n 
7-xy7hn-K) trmnmrn (n7-xy7hn 
- f) ±mm&mmKttLTx.y?ymftr>?x 

7hX7^y7^tfV\ (n7-xy7hn 

-F) mmwmmmm^t^o mmMr.m 

104OftiBfig^Jtttl : 50^5.1 : 5000h fgS (0°C~ 
100°C) T©X7^y7^1ff$*§o 

i v 5;n©e#jfc * §5»n6o°c© as©T^ex 7 

as, if^©#§tf^§3Xh^#p E gfet^fc±, ^x 
7 y ^*%±if 5 c £ j£» u F 7 7x 7 9 y V 
\z&%wm>&mmmm (imd) 1 6£#ow-3<: 

fiSc^tlfco HI 8{C^f<fc5{^ ^OiiiiligffiT'ti 
^'jy'j3ycDh77 0 xy7 hn-K2 3 ^fe^-^© 



11 

iimd 2 4mz, Kffi?L2 5?>m±mm®m (h-^x 

W h n - p) £#y^V 77^7 H 2 6 tctvtm 

u mmmK&%fflm<DJWfii&Tt% m \ 7# 

M) o 

[0 0 2 0] HMNtfe^m gE£Tl®K/l (n 

i«if ft^r n y r L fctJL U 7 7 

77K£?"CMLrc7* hlsVZh-FTmW&M (a 

U *{k7j<^llhji^nyy5^^©M^»^x-7f- 10 
U ^tifr5>F77xy7Fn-K£iffItU MO'ti 
[0 0 2 1] 

tcct, miz7>?Tj7^)7icE&mM-£n%(D 20 
fcx 7 y § © k l fc„ 

[0ffi©l§3i&M 

[0 1 ] ^©KflsrlCfeltSCMOS (complementary meta 
1 oxide semiconductor) ©$SiigIgMi"Z?y-h0 
9 7 {by U 3 yfflJ! L fc& 7- h wmz^v 
^y7tstu©frffi0t?fe?>o 

[12] ^©KffitfetfSCMOS (complementary meta 
1 oxide semiconductor) (DM^XMWMiX F-7°© 

^y-x/FWywim ^Utt^itx 30 
7^y7Lfd§rffi0*c&3o 

[13] HF, HC^^S^S^TOci-^Ttf^tlfcHfO 

z t usg©x 7 ^ y Mite it § ft 110 T- & § o 
[04] hf, miOir*g%;%im<oM-&}kk&%. isse 
HMfOz, use, ^'J^'j3y^t§i7fy^ 

[0 5] CMOS (complementary metal oxide semiconduc 

tor) n y 773 y^-7- y FS;g?Mi©»Tffi0?fe 

So 

[0 6] CMOS (complementary metal oxide semiconduc 40 

tor) mmmmx&Zo 

[0 7] alfeUtt (Hf Oz ) # u y u 3 y L fc& 

©lTffi0^feSo 

[0 8 ] n U y U 3 y £ K— k° 7 7 LfdH©SegI 

[0 9 ] p u y U 3 y\z k— tf y 7 LfdlcSigi 

[01 o] mt#y?ZT>*imt%>JM'v&%o 
[0ii] S{k7y7xry^^';y';3y^x7^y 
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7 LT7— h Slff 5 Ig-Cfc § o 

[0i 2] ^^y^y77yr-y ay-en K-7M© 
y-x/FWy^F ^ffMt § xnx & § o 

[01 3] ^tW^7yf->ay?p K-7M© 
7 -X/ K W y 7- h 5 1ST* 5 o 

[014] ^7^yU3y±fm H7?ttX7^y7t 
«fc o TiJU^ffMt- 5 XSt? § o 

[015] hf, Hci04©M^?ee7-x/Ky^y7- 

r-±©igffeittt (HfOz) KX7^y7»fIfM^fe 

[0i 6] dram^x7 7 7S©tissi (nr-xy 

7FD-K) iM&Stitcfe. alfeUtt (HfOz) ^±fH 
[01 7] DRAM^IfeHtt^X7^y7^tlfc^©lTffi 
[01 8] DRAM^^©lTffi0^fe§o 

[ft^©OT 

1 p^yu3y7x/N-ss 

2 P M7x;l/ 

3 nM7x;l/ 

4 LOOMWiSTiPgfiS 

5 ^Ife^tt (HKh ) 1 

5 a aifetitt (Hfo 2 ) v-vmm 

6 ^UyU3y7-F 

6a D/uK-7°^UyU3y 

6b, 6c 6d ^uyunya 

7 IsixlKWiTiSi 2 

7a, 7b 3fk7y 7X771 

8 ^7fk7U3y (Si 3 N 4 ) fun 
9, 9a, 9b 7-h 

10 n77HK-7 
l l p77fiF-7 
1 2 n"V-X/FWy 

1 3 p y-x/FWy 

1 4 X7^y7^©l»iT 

1 5 mmmmm old) 

1 6 ^JSMMiJi (IMD) 
17 3y77F*-;^ 

1 8 i-ait 

19 ^7{byuny 

2 0 Mffi?L 

2 0 0 D7773y^-7-yF 

2 1 (nr-xy7Fn-K) (lower El 

ectrode) 

2 2 nyry+MaffeUtt (HfOz i^WiZrfh ) IfeHl 

2 4 IMD 

2 5 Mffi?L 

2 6 ^yrVy 77^ 7 K 

PR1, PR2, PR 3 7t hyy'XF 
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[Hi] 




£MSJ£ (HF:HC104-I:X) 
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[Hi 8] 





m±2 02)mm m mm 

F#-A(##) 5F043 AA37 BB25 EE40 



